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(54) FIELD INTENSITY DISTRIBUTION GENERATOR 



(57) An electric field intensity distribution prepara- 
tion apparatus defines the neighborhood about a 
repeater as a mesh of an arbitrary size. Then, each 
mesh is determined whether it is a mesh with sight a 
mesh without sight, or a mesh that cannot be reached 
by a wave on the basis of data of an electronic map. The 
electric field intensity of each mesh is obtained for the 
mesh with a sight to produce an electric field intensity 
distribution of the neighborhood of a repeater. As a 
result an electric field intensity distribution preparation 
apparatus that can easily determine a wave propaga- 
tion pattern centered about a repeater is provided. 
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a program and the like defining the operation of center station 91 are stored, and an I/O interface 64 functioning as an 
interface with an external device. 

[001 3] A CD- ROM drive device 65 for providing a display of map data via I/O interface 64, an automatic calling device 
66 for connection to exchange station 2 of the PHS system, and a line disconnection unit 68 for effecting a call by auto- 
5 matic calling device 66 as necessary and disconnecting the line immediately after receiving data of repeater 6 near 
which mobile station 7 is located are connected. Line disconnection unit 68 is connected to telephone exchange station 
2 via center station modem 13. 

[0014] In addition to directly designating a mobile station 7 from center station 91 via keyboard 1 1, the line from a 
subscriber 71 asking for the position information of mobile station 7 is input via I/O interface 64. A check is effected 
10 through a subscriber database 69 connected to I/O interface 64 to identify whether the input subscriber is a proper pre- 
determined subscriber. 

[001 5] The procedure of sending a signal and receiving position information to search for the position information of 
mobile station 7 will be described hereinafter with reference to Figs. 10, 1 1 and 12. First, keyboard 1 1 at center station 
91 is manipulated to dial automatically the PHS telephone number of mobile station 7 of interest under control of per- 

is sonal computer or work station 1 2. As shown in Fig. 1 0, a telephone line is connected to mobile station 7 via a repeater 
6 corresponding to cell 8 in which that mobile station 7 is located through exchange station 2 and the like. When line 
connection is established between center station 91 and mobile station 7, the code number of the relevant repeater 6 
is recognized and stored in the database of the PHS. Since this recognition and storage is carried out instantly, the line 
between center station 91 and mobile station 7 can be disconnected immediately. The position information of repeater 

20 6 is represented by the code of repeater 6 or by the latitude and longitude of repeater 6. The position information is 
immediately sent from the PHS database to modem 13 at center station 91 and transmitted to personal computer or 
workstation 12. 

[0016] At personal computer or work station 12, map information is sent in advance from the incorporated CD-ROM 
drive 65. The map information is provided as a map 10 on the screen of display 61 . By placing the position information 
25 represented by the code or the latitude and longitude of repeater 6 on map 1 0, repeater 6 can be indicated by marker 
9 as shown in Fig. 11. 

[001 7] As described above, entry of mobile station 7 into cell 8 of repeater 6 is recognized and stored in the database. 
The information thereof is provided to center station 1 , so that the location of mobile station 7 within the circle of approx- 
imately 100m in radius about a repeater 6 is detected. 

30 [0018] When the position is to be determined in such a system, cell 8 is not always a circle depending upon the status 
around the repeater. When the PHS owner is located at a site where wave propagation is blocked by some building and 
the like, various wave propagation patterns according to various cases shown in Figs. 13A-13C taking account of the 
arrangement and profile of that building and the like is required. Here, a wave propagation pattern indicates a pattern 
of a region having a wave intensity emitted from a repeater exceeding a constant value taking into consideration the 

35 environmental status of the repeater. In accounting tor a building structure as an example of environmental status of the 
repeater in producing a wave propagation pattern, an operator had to select the propagation pattern from the pattern 
shown in Figs. 13A-13C according to the position relationship between the repeater and the surrounding facility in the 
conventional case. The propagation pattern had to be calculated according to the selected pattern. Thus, there was a 
problem that computation of the wave propagation pattern is time consuming. 

40 [001 9] The present invention is provided to solve the above problems. An object of the present invention is to provide 
an electric field intensity distribution preparation apparatus for easily determining a wave propagation pattern and a 
mobile communication system using the electric field intensity distribution preparation apparatus. 

Disclosure of Invention 

45 

[0020] A wave intensity distribution production apparatus of the present invention indudes means for dividing the 
neighborhood about a wave generation source into meshes of a desired size, means for determining a predetermined 
type of the mesh on the basis of a map including the neighborhood of the wave generation source, means for obtaining 
electric field intensity of the mesh according to the determination result by said determination means and the electric 
so field intensity of the wave generation source, and means for producing an electric field intensity distribution of the neigh- 
borhood of the wave generation source according to the obtained electric field intensity. 

[0021] The neighborhood of the wave generation source is divided into meshes of a desired size. Each divided mesh 
is determined corresponding to a predetermined type according to the electronic map. The electric field intensity of 
each mesh is obtained according to the determination result and the electric field intensity from the wave generation 
55 source. An electric field intensity distribution of the neighborhood of the wave generation source is produced according 
to the electric field intensity. Since the electric field intensity distribution is produced taking into consideration the actual 
geometry of the wave generation source, a wave propagation pattern of the neighborhood of the wave generation 
source can be easily determined. 
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repeater. The remaining elements are similar to those of the conventional case. Corresponding elements have the 
same reference characters allotted, and their description will not be repeated. 

[0026] A mobile terminal detects the identification information ID of a plurality of repeaters and electric field intensity. 
This information is sent to center station 1 . Center station 1 obtains the region where the mobile terminal can be located 
5 with respect to each electric field intensity using the electric field intensity distribution of each repeater obtained in 
advance from the identification information and electric field intensity of the plurality of repeaters. The position of the 
mobile terminal is detected from the overlap of each region. 

(1) Production of electric field intensity distribution of neighborhood of repeater 

10 

[0027] Description is provided of how center station 1 obtains the electric field intensity distribution of the neighbor- 
hood of repeater 6. 

[0028] Fig. 2 is a flow chart of obtaining an electric field intensity distribution of the neighborhood of repeater 6. Figs. 
3-6 are diagrams describing the steps of obtaining an electric field intensity distribution. The method of obtaining elec- 
15 trie field intensity distribution of repeater 6 will be described with reference to Figs. 2-6. 

[0029] As shown in Fig. 3, a mesh of an arbitrary size about a repeater is defined as the region required to produce 
a wave propagation pattern. Here, this mesh becomes the unit in producing an electric field intensity distribution. The 
size of the mesh and the size of the region defining the mesh are defined within a tolerable range of precision and data 
size. 

20 [0030] Referring to Fig. 3, a mesh 101 is formed at the neighborhood of repeater station 6. Then, referring to elec- 
tronic map 81a, the shape of the building that becomes an obstacle for the wave is formed as a building polygon 1 1 1 in 
the region where mesh 101 is formed (in Fig. 2, step S1 1 : "step" omitted hereinafter). 

[0031] Each divided mesh is subjected to a process set forth in the following. When the center point of that mesh is 
located within building polygon 1 1 1 on electronic map 81a, that mesh is set as a mesh with no wave propagation. When 

25 the center point of the mesh is outside building polygon 1 1 1 , the crossing point between building polygon 1 1 1 and the 
line connecting the center points of repeater 6 and the mesh is obtained (S12-S15). When there is no crossing point, 
that mesh is set as a mesh A with good wave propagation. When there is a crossing point, that mesh is set as a mesh 
B with poor wave propagation. The mesh inside building polygon 1 11 is set as a mesh C with no wave propagation. A 
specific example is shown in Fig. 4. Even if there is a crossing point with building polygon 111, the mesh is set as a 

30 mesh with good wave propagation when the height of the building is lower than the difference in height from repeater 6 
to the center point of the mesh. The height of the building is obtained using the information of the number of stories of 
that building and the like on electronic map 81a. 

[0032] An example of this case is shown in Fig. 5. Referring to Fig. 5, when repeater 6 is on a building 1 12, the mesh 
is set as a mesh with good wave propagation when a straight line 1 16 connecting repeater 6 with the mesh center point 

35 115, indicating the change in height, does not cross building 1 1 7. 

[0033] The electric field intensity of each mesh is obtained using a relation equation of an electric field intensity and 
wave propagation distance on the basis of the distance between the center point of the repeater and the center point of 
each mesh (S1 6) . The equation of the relationship between electric field intensity and wave propagation distance is pro- 
duced for each type of repeater 6 depending upon whether the wave propagation is superior or not and whether is pro- 

40 vided on a telephone booth, a pole, or the roof of a building structure. Also, wave reflection and waveguide effect due 
to the state of the building around the mesh in obtaining the electric field intensity of each mesh are taken into account. 
[0034] An electric field intensity distribution of a repeater is produced according to each obtained mesh electric field 
intensity (S17). An example of the electric field intensity distribution of the repeater is shown in Fig. 6. In Fig, 6, the bold 
numeric in the mesh indicates a mesh with good wave propagation, and a numeric represented in a slanted manner 

45 indicates a mesh with poor wave propagation. The electric field intensity distribution is obtained in a similar manner for 
all the repeaters. A database is produced that can be retrieved by entering the ID of repeater 6. 
[0035] The method of determining the position using this database will be described hereinafter. 
[0036] A specified repeater 6 is retrieved from electric field intensity distribution database 81b. A group of meshes 
having an electric field intensity of at least an arbitrary value is set as the wave propagation pattern of an arbitrary elec- 

50 trie field intensity. This example is shown in Fig. 7. The shaded area in Fig. 7 represents the wave propagation pattern. 
Here, the wave propagation pattern when the electric field intensity is 20dB is shown. By setting the electric field inten- 
sity to a desired value, a wave propagation pattern of a desired intensity can be obtained. 

[0037] The method of obtaining each mesh electric field intensity of S16 will be described hereinafter. Figs. 8 and 9 
are graphs indicating the measured results of the distance from each repeater 6 and the reception electric field intensity 
55 when wave propagation is good (Fig. 8) and poor (Fig. 9). This corresponds to the case where the repeater corresponds 
to a telephone booth. The equation of the relationship between the electric field intensity and the maximum wave prop- 
agation distance is obtained from the graph to result in the following equations. 
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Propagation distance N(m) = - (electric field intensity (dB) - 82)/D.056 ... (when wave propagation is good). 
Propagation distance N(m) = - (electric field intensity (dB) - 82)A>. 1 12 ... (when wave propagation is poor). 
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1 . An electric field intensity distribution preparation apparatus comprising ; 



6 



EP 0 967 816 A1 

means for dividing a neighborhood of a wave generation source into meshes of a desired size, centered about 
said wave generation source, 

means for determining a predetermined type of said mesh on the basis of a map including the neighborhood 
of said wave generation source, 
5 means for obtaining electric field intensity for each said mesh according to a determination result by said deter- 

mination means and a distance between said wave generation source and said mesh, and 
means for preparing an electric field intensity distribution of the neighborhood of said wave generation source 
according to said obtained electric field intensity. 

w 2. The electric field intensity distribution preparation apparatus according to claim 1 , wherein the type of a mesh deter- 
mined by said determination means includes a first region of good sight from said wave generation source and a 
second region of poor sight. 

3. The electric field intensity distribution preparation apparatus according to claim 2, wherein said means for obtaining 
is electric field intensity for each mesh is carried out according to the distance from said wave generation source and 

an actually measured value of reception electric field intensity of that distance. 

4. The electric field intensity distribution preparation apparatus according to claim 2, wherein said means for obtaining 
electric field intensity for each mesh is carried out using 

20 

propagation distance N(m) = - (electric field intensity (dB) - 82)/0.056 for said first region, and 

propagation distance N(m) = - (electric field intensity (dB) - 82)/0.112 for said second region. 

25 5. The electric field intensity distribution preparation apparatus according to claim 2, wherein said second region 
includes a third region where a wave is not reached. 

6. The electric field intensity distribution preparation apparatus according to claim 1 , wherein said means for dividing 
into meshes determines said desired size by a precision of said electric field intensity distribution. 

30 

7. The electric field intensity distribution preparation apparatus according to claim 1 , wherein said means for obtaining 
electric field intensity is carried out taking into consideration reflection of a wave from said wave generation source 
due to a building structure at the neighborhood of said mesh. 

35 8. The electric field intensity distribution preparation apparatus according to claim 1 , comprising means for storing 
said produced electric field intensity distribution. 

9. The electric field intensity distribution preparation apparatus according to claim 1 , wherein a plurality of said wave 
generation sources are provided, and said means for producing electric field intensity distribution produces said 

40 electric field intensity distribution for said plurality of wave generation sources. 

10. The electric field intensity distribution preparation apparatus according to claim 9, comprising means for storing 
said produced plurality of electric field intensity distributions. 

45 11. The electric field intensity distribution preparation apparatus according to claim 10, wherein said storing means 
stores said produced plurality of electric field intensity distributions as a database. 

12. The electric field intensity distribution preparation apparatus according to claim 1, wherein said wave generation 
source is a repeater of a communication system. 

50 

13. The electric field intensity distribution preparation apparatus according to claim 12, wherein said communication 
system includes a mobile communication system that effects communication with said repeater as a base. 

14. A mobile communication system tor carrying out communication between a mobile second station and a third sta- 
55 tion via a first station, wherein said first station emits a wave of a predetermined frequency at a predetermined 

intensity, comprising: 

means for producing an electric field intensity distribution of a wave emitted from said first station at a neigh- 
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bortiood of said first station, 
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1 5. The mobile communication system according to daim 14, comprising a pluraKtv of said first stations, 
wherein said second station carries out communication via said plurality of first stations 
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FIG. 1 A 
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FIG, 5 
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FIG. 10 
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FIG. 11 
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FIG. 14 
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